Background: Nitric oxide (NO) has been implicated as a mediator of penile erection, because the neuronal isoform of NO synthase (NOS) is localized to the penile
INTRODUCTION
Nitric oxide (NO) participates in the tumoricidal and bactericidal actions of macrophages (1, 2) , accounts for endothelial-derived relaxing factor tions in the brain (8) and in the peripheral autonomic nervous system where it accounts for nonadrenergic, noncholinergic (NANC) transmission in various organs (3) . For example, NANC stimulation results in intestinal relaxation which appears to involve NO; intestinal relaxation is blocked by NOS inhibitors and is mediated by the myenteric plexus neurons which contain nNOS (9) (10) (11) (12) .
Penile erection involves relaxation of the smooth muscle of the corpora cavernosa by a NANC process (13, 14) . NO has been implicated in studies showing that NANC relaxation of penile smooth muscle is abolished by NOS inhibitors (1 5-20) . We demonstrated nNOS staining in the pelvic plexus, the dorsal penile nerve, the cavernous nerve, and its branches in the cavernous tissue (21, 22) . Penile erection elicited in rats by electrical stimulation of the pelvic nerves is completely prevented by NOS inhibitors such as L-nitroarginine methyl ester (L-NAME) and by N-methyl-L-arginine but not by N-methyl-D-arginine, which does not inhibit NOS activity (21, 22) . Moreover, L-arginine administration restores erections, whereas D-arginine does not (21) .
Recently mice with targeted disruption of nNOS have been developed (23) . Gross locomotor activity, long-term potentiation in hippocampal slices (24) and long-term depression in cerebellar cultures (25) are normal in these animals. NO has been implicated in neural damage following vascular stroke, because stroke damage can be prevented with NOS inhibitors (5) and nNOS-mice are resistant to stroke damage (26) . Breeding activity of nNOS-animals is superficially normal. If nNOS were fully responsible for penile erection, one might expect male mice to be impotent unless compensatory mechanisms occur. In the present study, we explore mating behavior as well as electrically induced penile erection. nNOS-mice display normal mating behavior and normal penile erection which is blocked by NOS inhibitors. We demonstrate a loss of nNOS from penile tissue of the nNOS-animals but describe a prominent eNOS system in penile tissue. (21) . Briefly, cavernous nerves arising from the ispilateral pelvic ganglion situated dorsal to the prostate were stimulated with unilaterally attached bipolar silver wire electrodes using a Grass S48 square wave stimulator at optimal parameters (2 V, 5 msec, 16 Hz, 60 sec in duration). Neurostimulated erections were visually assessed and recorded at baseline and 10 min following the intracavernous administration of arginine derivatives (nitro-L-arginine methyl ester, nitro-D-arginine methyl ester, 20 24 hr. Intensities of the protein bands visualized roentgenographically were then measured using computer-assisted image analysis with comparisons made among samples run at identical exposures. eNOS protein was then quantified from homogenate supernatants using standard protein curves generated for each experiment from serial dilutions of human endothelial lysate in Laemmli buffer.
MATERIALS AND METHODS

Mating
In separate experiments to verify the absence of nNOS immunoreactivity in nNOS mice penes, blotting was performed using an affinitypurified rabbit polyclonal antibody (1:500 dilution) against a fusion protein corresponding to amino acids 1-181 of rat nNOS (27) . To evaluate iNOS immunoreactivity in nNOS-mice penes, blotting was performed using an affinity-purified rabbit polyclonal antibody (1:5000 dilution) against the 15 (Table 2 ). In both wild-type and nNOS-animals nerve stimulation reliably produces full erections. Treatment with L-NAME completely prevents erections while D-NAME is ineffective, with no differences between wild-type and nNOS-animals. To evaluate direct responses of the penile tissue, we examined effects of electrical stimulation upon isolated strips of corpus cavernosum (Fig. 1) . L-NAME enhances the contractile effect of electrical stimulation, while L-arginine evokes relaxation. Responses to L-NAME and L-arginine are the same in wild-type and nNOS-tissue.
Demonstration of eNOS in Penile Tissue
The ability of the NOS inhibitor L-NAME to abolish erections in nNOS-animals in a stereospecific fashion and the retention of normal NOdependent contractile properties of corpus cavernosum tissue implies that the normal erections in nNOS-animals are subserved by NO (Fig. 2) . Immunohistochemical staining shows a localization of nNOS in wild-type mice to the dorsal penile nerve and its branches throughout the corpora cavernosa, essentially the same as observed previously in rats (21) (Fig. 3) . The staining is not present in nNOS animals.
If nNOS is not responsible for NO-mediated penile erection, the other two possibilities are iNOS and eNOS. We have failed to detect iNOS by Western blot analysis or immunohistochemical staining in penile tissue (data not shown). In Western blots of penile tissue we observe a prominent band for eNOS with a characteristic molecular weight of 135 kD (Fig. 2) . In seven replicate comparisons, we detect a consistent 20% increase in eNOS protein levels in nNOS-mice compared with wild-type mice (Figs. 2 and 4) .
Immunohistochemical staining for eNOS reveals intense immunoreactivity in the endothelial layers of the dorsal penile arteries and vein (Fig. 5) . The endothelial layer of the sinusoids of the corpora cavernosa stains prominently for eNOS. The epithelial lining of the urethra also stains for eNOS. The same staining pattern occurs with two different eNOS antisera raised against distinct peptide sequences. The identity of the endothelial layers is confirmed by staining with anti- bodies to Factor 8, which is exclusively associated with endothelium in various tissues (28) . NADPH diaphorase staining, which reflects NOS catalytic activity (29) (30) (31) , also displays localizations essentially the same as eNOS (data not shown).
To compare eNOS staining in wild-type and nNOS-animals, two independent observers blindly evaluated nine distinct sections each from wild-type and nNOS-mice. In (16, 18) . Acetylcholine-induced relaxation of this muscle is reversed by NOS inhibitors (16, 18) . NO donors relax penile smooth muscle (15) . Moreover, eNOS localizations are consistent with a role in mediating relaxation of smooth muscle of the cavemosal sinusoids which is the fundamental process responsible for penile erection. It is well established that dilatation of penile arteries as well as the sinusoids is critical for erection, and eNOS occurs at both loci. Since penile erections occur in response to activation of the penile nerves, it would be important for nerve processes to release acetylcholine in the vicinity of the cell layers that contain eNOS. Neurons staining for choline acetyltransferase extend branches throughout the cavemosal tissue including the area of the endothelium (32, 33 (16) . In many instances of mice with targeted disruption of genes, compensatory mechanisms preserve the functions thought to be associated with proteins derived from the deviated genes. For example, cerebral vasodilatation induced by CO2 exposure is NO dependent, being abolished stereospecifically by NOS inhibitors and restored by L-arginine (34) . The CO2 vasodilatation persists in nNOS animals (35) , but is no longer reversed by NOS inhibitors, implying compensation by some non-NO mechanism. The apparent maintenance of penile erection by eNOS in nNOS-animals may represent a unique instance in which compensation involves the same mediator derived from a separate gene.
